The Burr type X distribution is considered as a life time random variable of a product whose lots are to be decided for acceptance or otherwise on the basis of sample lifetimes drawn from the lot. The sample is divided into various groups in order to develop a group sampling plan in such a way that the life testing experiment is terminated as soon as the first failure in each group is observed. The acceptance criterion based on the theory of order statistics is proposed and is shown to be more economical than a criterion proposed in the earlier similar works.
Introduction
Acceptance sampling is concerned with inspection and decision making regarding products. Life tests are experiments carried out on sample products in order to assess the life time of an item (time to its failure or the time it stops working satisfactorily). A common practice in life test is to terminate the test at a prefixed time and record the number of failures that occurred during that time period or when a prefixed number of failures is realised. The former termination is generally called truncated life tests/time censored life test and the latter is called a failure censored life test. If the quality of a product is measured through the life time, sampling plans to determine acceptability of a product with respect to life time are called Reliability Sampling Plans.
In life test sampling plans a common constraint is the duration of total time spent on testing. Sampling plans based on time truncated life tests would address this constraint to some extent. When the life time random variable is assumed to 429 follow a specific continuous probability distribution, sampling plans are developed by various researchers covering a wide spectrum of probability models. Epstein (1954) was one of the foremost works about acceptance sampling plans based on truncated life tests with the exponential distribution as the probability model. Other researchers in this direction are as follows: Goode and Kao (1961) worked with the Weibull model which includes the exponential distribution as a particular case. Gupta and Groll (1961) and Gupta (1962) considered the gamma and log-normal distributions, respectively. More recently, the studies of Kantam, Rosaiah, and Srinivasa Rao (2001) , Baklizi (2003) , Baklizi and El-Masri (2004) , Rosaiah and Kantam (2005) , Balakrishanan, Lieva and López (2007) , Aslam and Kantam (2008) , Srinivasa Rao, Ghitany, and , Rosaiah, Kantam, and Srinivasa Rao (2009) , Srinivasa Rao and Kantam (2010) , Lio, Tsai, and Wu (2009) , Lio, Tsai, and Wu (2010) , Lu (2011) , Kantam, Sriram, and Suhasini (2012) , Srinivasa Rao, Kantam, Rosaiah, and Pratapa Reddy (2012) , Srinivasa Rao and , , Subba Rao, Prasad, and , Kantam, Sriram, and Suhasini (2013) , Rosaiah, Kantam, Rama Krishnan, and Siva Kumar (2014) , Subba Rao, Naga Durgamamba, and and the references therein, are related to construction of acceptance sampling plans based on truncated life tests with different probability models. In all these works, given the termination time of a life test, the construction of the sampling plan consists of determining the minimum number of sample items that are to be life-tested and the acceptance number beyond which the observed failures out of the life-tested items of the sample lead to rejection of the submitted lot, conditioned on pre specified producer's and consumer's risks.
However, if a failure censored life test is under consideration, one has to wait till a pre specified number of failures out of the sample items that are being tested is realised. Sometimes the life of product might be quite long possibly resulting in even a failure censored life-testing plan to be long time consuming. Johnson (1964) proposed a sampling plan in which the experimenter can decide to group the test units into several groups and then conduct the life-tests on all the groups simultaneously until the first failure in each group is realised. Based on the recorded first failure time in each group if a decision process about the acceptance/rejection of submitted lot is developed the procedure may be named as Limited Failure Censored Life Test Sampling Plan (LFCLTSP). Balasooriya (1995) developed such a sampling plan for the two parameter exponential distribution though the specific name is not given as LFCLTSP. Wu and Tsai (2000) , Wu, Tsai, and Ouyang (2001) , Jun, Balamurali, and Lee (2006) have proposed LFCLTSP when the underlying lifetime random variable follows Weibull distribution, with respective distinct approaches in working out the parameters of the sampling plan. The scheme of life testing and termination process of LFCLTSP is named by some researchers as 'Sudden death testing' (for example Pascual & Meeker, 1998; Jun et al., 2006) . 'Limited failure censored life tests' is the name proposed by Wu et al. (2001) . Our suggested name is Limited Failure Censored Life Test Sampling Plan (LFCLTSP). Thus, the purpose of this study is to develop LFCLTSPs for one of the models of Burr (1942) -Burr type X distribution on lines of Jun et al. (2006) . A new criterion is also suggested that is more economical.
Construction of LFCLTSP (Jun et al. 2006)
The purpose of proposing LFCLTSP is to reduce testing time. The total number of products to be tested, say N is divided into groups of equal size according to the number of available experimental testers. Thus there are n items in each group and a total of m groups may be considered for this grouping so that N = m × n. The items in each group are tested identically and simultaneously on different testers. The first group of items is run until the first failure occurs. At this point the surviving items are suspended and removed from testing. An equal set of new items numbering n is next tested until the first failure. This process is repeated until one failure is generated from each of the m groups. In the end, m failures are observed while (n -1) m items are suspended. Wu et al. (2001) named this testing process as "limited failure censored life test". The sample information so obtained can be utilized for deciding upon the acceptance of the lot from which the original sample of N is put for testing. According to the characteristics of testers a group size n is usually specified but the total number of groups m should be determined. For that a variable sampling plan is proposed by Jun et al. (2006) with the following assumptions/specifications

The life time X follows a Weibull distribution with a known shape parameter (k).
 There is a lower specification limit (L) regarding the life time.
 p 0 is a desirable lot quality level (proportion of non conformities) at the pre specified producer's risk α.
 p 1 (> p 0 ) is an undesirable lot quality level (proportion of non conformities) at the pre specified consumer's risk β.
Sampling Plan
The cumulative distribution function (cdf) of the base line distribution (Weibull) is given by
The fraction non-conforming or unreliability is expressed by
If p is given, the corresponding L is obtained from
The proposed sampling plan of Jun et al. (2006) The number of groups m and the acceptability constant c are called the parameters of the sampling plan and will be determined by the following procedure:
Since Y i is the first order statistic in a sample of size n from Weibull distribution with shape parameter k its cdf is given by
which is the cdf of a Weibull distribution with shape parameter k and scale parameter parameter m and scale parameter n. Thus the quantity 2nV follows a chi-square distribution with 2m degrees of freedom so that the probability of acceptance of the lot for a lot quality level p is given by
where w is the solution of equation (3) and G l is the cdf of a chisquare variate with l degrees of freedom. As in Fertig and Mann (1980) , the probability of acceptance should be at least (1 -α) at the desirable/acceptable lot quality level p 0 where α is producer's risk. Similarly, the probability of acceptance should not be more than β at the undesirable/tolerance lot quality level p 1 , where β is consumer's risk. These two remarks lead to the following two inequalities
If 2 , ql  denotes the percentile point of tail probability q in the chi-square distribution with l degrees of freedom then, from (6), (7), 
Therefore, m can be obtained by the smallest integer satisfying (10). The acceptability constant c can be obtained from the equality case in either of the expressions (8), (9). It can be noticed that the number of groups m is determined independently of the group size n and also of the shape parameter k. Jun et al. For the sake of convenience in presentation, this procedure of Jun et al. (2006) is called Method-I and adopts the same for Burr type X distribution to construct LFCLTSP below.
LFCLTSP for Burr type X distributed Lifetimes: Method-I
Let the life time of a product be given by Burr type X distribution with shape parameter k so that cdf is given by
Let L denote the p th quantile of a Burr type X variate.
Product with life time less than L is considered nonconforming. Suppose the producer and the consumer have an agreement that lots with nonconforming fraction less than or equal to p 0 are presumed to be good and have to be accepted with probability of at least 1 -α. Here α is called producer's risk. Furthermore suppose that lots with non conforming fraction greater than p 1 (> p 0 ) are not acceptable to the consumer and should be rejected with a probability of at least 1 -β. Here β is called consumer's risk.
If a random sample of N items grouped into m groups of size n each is put to test, an LFCLTSP on lines of Jun et al. (2006) can be constructed with the following decision process. 

Accept the lot if V ≥ cL and reject the lot otherwise (c may be called acceptability constant -a concept similar to the acceptance number in time truncated reliability test plans).
In order to get the plan parameters m and c, the percentiles of the sampling distribution of V are needed, which is the sum of m i.i.d observations on the first order statistic in a random sample of size n modelled by Burr type X distribution with shape parameter k. In view of the mathematical structure of the Burr type X model the sampling distribution of V cannot be analytically tractable. Hence, consider the empirical sampling distribution of V for various known values of the shape parameter k and tabulated the percentiles of V for k = 1.5(0.5)3; m = 2(1)10; n = 5,10 in Tables 2 through 5. If G(.) stands for the cdf of the random variable V, the percentiles in Tables  2 through 5 
which jointly lead to
Therefore, m can be obtained by the smallest integer satisfying (18). The acceptability constant c can be obtained from the equality case in either of the expressions (16), (17). We have tabulated the values of m and c determined for the same combinations of p 0 , p 1 as chosen by Jun et al. (2006) and are presented in Tables 6 through 9 for k = 1.5(0.5)3. Table 9 . Design parameters of LFCLTSP (α = 0.05, β = 0.1, k = 3) It may be noted that m is solved as integer values only and m, c depend on the shape parameter k of the Burr type X distribution. Kantam and Srinivasa Rao (2004) . Hence, larger realized value of Z can be considered as an indication that the products in the submitted lot have longer life prompting one to consider the lot as a good lot for acceptability. In other words "Z > cL" can be taken as a criterion of acceptance of the lot. Thus, for Method-II the following decision rule is proposed:
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LFCLTSP for Burr type X distributed
Draw a random sample of size N = m × n and allocate n items to each of the m groups.
(ii) Observe Y i the time to the first failure in the i th group (I = 1, 2,…., m).
(iv) Accept the lot if Z ≥ cL and reject the lot otherwise (c may be called acceptability constant -a concept similar to the acceptance number in time truncated reliability test plans).
Using the theory of order statistics, the cdf of Z may be obtained in a closed form as long as the cdf of the base line distribution is in a closed form. Hence, the percentiles of Z can be used to get the design parameters , analytically. For the focal distribution, Burr type X distribution with shape parameter k, the following is the analytical procedure of calculating design parameters of LFCLTSP by Method-II.
The cdf of Burr type X with shape parameter k is
Let X 1 , X 2 , X 3 ,…,X n be a random sample of size n from (19) The cdf of least of X 1 , X 2 , X 3 ,…,X n is given by
That is, 
Therefore, m can be obtained by the smallest integer satisfying (29). The acceptability constant c can be obtained from the equality case in either of the expressions (27), (28) . The values of m and c were analytically determined for the same combinations of p 0 , p 1 as chosen by Jun et al. (2006) and are presented in Tables 10 through 13 for k = 1.5(0.5)3 along with the values of the design parameters of LFCLTSP of Method-I also for the sake of comparison. The values of m obtained for Method-II can be seen to be consistently smaller than or equal to those of Method-I, thus indicating less number of items to be put to life test in Method-II and hence giving a preference to Method-II over Method-I. Table 10 . Design parameters of LFCLTSP of Methods -I and II at k = 1.5, α = 0.05 and β = 0.1 When k = 1 Burr type X is a Rayleigh distribution which is a Weibull distribution with shape parameter = 2. Jun et al. (2006) observed that their LFCLTSP for Weibull distribution is invariant of its shape parameter. As matter of comparison, design parameters of LFCLTSP of Method-II were computed for Burr type X at k = 1 also, so that these become the parameters of LFCLTSP for Weibull distribution with shape 2. These are given Table 14 . Adopting the same information to Burr type X distribution we take the shape parameter of Burr type X namely k = 1. Then it becomes the Rayleigh distribution which is also a Weibull with shape parameter 2. For the sake of comparison with the sampling plan of Jun et al. (2006) , at the above p 0 , p 1 , α, β, n = 10, we get from Table 14 as m = 2, and acceptability constant c = 1.586911 then cL = 158.6911. Z = the maximum of 55,120 = 120. Since Z < cL. i.e., 120 < 158.691, the lot is to be rejected.
From this example, the approach reached the decision of rejecting the lot by conducting limited failure censored life test for only two groups of 10 items each, whereas that of Jun et al. (2006) required the experiment to be conducted for 5 groups of 10 items each resulting in higher cost of experimentation and larger number of destructions. In that way, the Method-II is preferable to the Method-I proposed by Jun et al. (2006) . Moreover, it may be recalled that V, Z are defined as That is acceptance by Method-II implies acceptance by Method-I, so that as far as acceptance decision is considered Method-II gives a stronger conclusion implying the same decision by Method-I.
